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The common carp (Cyprinus carpio) was exposed to diazinon to determine the lethal concentration 
(LC50) values at different times and effects of sub-lethal concentrations on haematological and 
biochemical parameters. The LC50 values at varying times were recorded as high as 18.57 mg/l (24 h), 
14.87 mg/l (48 h), 12.29 mg/l (72 h) and 9.76 mg/l (96 h). Fishes exposed to sub-lethal concentrations 
(0.5, 1.0 and 2.0 mg/l) for four weeks revealed that the pesticide causes alterations in various blood 
parameters. Red blood cell (RBC) counts, haemoglobin concentration and haematocrit values increased 
whereas white blood cell (WBC) count decreased. Plasma glucose level, glutamate-oxaloacetate 
transminase (PGOT) and plasma glutamate pyruvate transminase (PGPT) activities increased in the fish 
exposed to diazinon. Protein level in plasma and glycogen in liver and muscles were found to decrease 
in treated fish with diazinon.       
 





Toxic discharge to the environment from industrial 
processes, mining, and agricultural developments may 
have detrimental effects on aquatic animals (Beijer and 
Jornelo, 1979; Hamilton and Mehrle, 1986). Pesticides 
are one of the pollutants causing great harm to aquatic 
animals including fishes. Diazinon (0,0-diethyl 0-[6-
methyl-2(1-methylethyl)-4-pyrimidinyl], an organo-
phosphate insecticide, has agricultural and commercial 
uses (Abass et al., 2011). This pesticide is used to 
control a variety of insects including aphids, beetles, 
scales and pill bugs, primarily in household environment 
and agriculture crops (Cox, 2000; Cong et al., 2009). 
Similar to other insecticides, diazinon is toxic because it 
inhibits the activity of enzymes (Fulton and Key, 2001; 
Oruce and Usta, 2007). Most of several studies have 
already demonstrated the affect of diazinon for fish (Dutta 
and Meijer, 2003; Aydin and Koprocu, 2005; Lecoeur et 
al., 2006; Uner et al., 2006). Bananee et al. (2008, 2011) 
have performed an extensive work on the effects of 
diazinon on haematological and biochemical parameters 
of Cyprinus carpio and Onchorhynchus mykiss. Effects of 
diazinon on the liver function and immunological system 
of Nile tilapia was studied by Giron-Pirez et al. (2007). 
Diazinon is widely used in agricultural field,date palm 
trees and homes for the control of different types of pests  
in Saudi Arabia (Personal Obs.). The published report 
shows the presence of diazinon in Saudi soil as high as 
0.024 mg/kg (Al-Wabel et al., 2011). Its concentration in 
natural groundwater is reported to range from 0.32 to 
3.286 µM (Mohamed et al., 2009). The concentrations 
(0.002-0.03 µg/kg of wet weight) of diazinon in the 
muscles of different fish cultured in Riyadh region were 
reported by El-Saeid (2010). The author is not aware of 
any published report regarding its concentration in 
surface water of Riyadh area.   
Fish appear to possess the same biochemical path-
ways to deal with the toxic effects of endogenous and 
exogenous agents as do mammalian species (Lackner, 
1998). It is important to examine the toxic effects of 
pesticides on fish since they constitute an important link 
in food chain and their contamination by pesticides 
imbalances the aquatic system. Fish form an important 
part of human food (Oruce and Usta, 2007). Pollutants 
like pesticides affect the fish in various ways mostly by 
damaging different vital organs. Gills are the first organs 
to be exposed to water-born contaminants (Gallagher 
and Digiulio, 1992). Kidney plays a vital role in the 
maintenance of an organism's internal environment being 
the key to the regulation of extracellular fluid volume and 





target of toxic chemicals which can disrupt its functions, 
and cause temporary or permanent derangement of 
homeostasis (Miller et al., 2002). 
Blood parameters are often measured when clinical 
diagnosis of fish physiology is applied to determine the 
sub-chronic effects of pollutants (Wedemeyer and 
Yasutake, 1977). 
The use of haematological parameters (haemoglobin, 
haematocrit, blood cell counts, glycemia and ion 
concentrations), can indicate a physiological response to 
a contaminated environment (Dethloff et al., 2001). More-
over, the change in plasma glutamate-oxaloacetate 
transaminase (PGOT) and plasma glutamate pyruvate 
transaminase (PGPT) activities can also indicate the 
impacts of water pollution on fish (Bucher and Hofer, 
1990). C. carpio is an economically important freshwater 
fish and commonly cultured in many parts of the world. In 
this study, an attempt was made to investigate the toxicity 
of diazinon to common carp (C. carpio) as it is 
increasingly used to control pests in agricultural field and 
homes;  measured by its effects on mortality and 
changes in haemoglobin concentration, cell counts, hae-
matocrit values, glucose and glycogen content and 
enzymes (PGOT and PGPT) activities. 
 
 
MATERIALS AND METHODS 
 
Specimens of common carp were procured from a fish farm located 
west of Riyadh, Saudi Arabia. The length and weight ranged from 
12 to14 cm and 55 to 60 g, respectively. They were kept in glass 
aquaria for two weeks to get acclimatized to laboratory conditions. 
During the period of acclimation, the fish were fed a commercial fish 
food twice daily to satiety. The water conditions like temperature, 
pH, dissolved oxygen and hardness analyzed weekly were 
22.5±1.5°C, 7.6±0.5, 6.6±0.4 mg/l and 235.5±4.5 mg/l as calcium 
carbonate (CaCO3), respectively. 
After two weeks, when the acclimation time was over, 30 aquaria 
each containing 30 L of water were stocked with ten fish per 
aquarium. Different concentrations (5, 7, 9, 11, 13, 15, 17, 19, and 
21 mg/l) of diazinon (DIADEM
®
600EC, 600 g/L active ingredient 
diazinon, purchased from Atrachem, Al-Khober, Saudi arabia) were 
prepared by adding the required volume from the stock solution. A 
control set was run with the same number of fish and the same 
volume of water but without diazinon. The experiment was run in 
triplicates. The water was aerated and the feeding was stopped. 
Dead specimens were removed immediately and their numbers 
were recorded. The water in the aquaria was renewed daily. The 
lethal concentration (LC50) for 24, 48, 72 and 96 h was computed by 
the probit method (Finney, 1971). 
After finding the LC50, the fish were exposed to three different 
sub-lethal concentrations (0.5, 1.0, and 2.0 mg/l, selection based on 
the 96 h LC50) for four weeks. A control group was also run for the 
same time but without diazinon. The experiment was run in 
triplicates. The fish were fed once daily to satiety. Two fish from 
each aquarium were removed after every week during the 
experimental period. Blood samples were collected in heparinized 
vials (Crescent Diagnostics, Jeddah, Saudi Arabia) by cutting the 
caudal peduncle. Blood of two fishes was pooled to get enough 
quantity of blood. Samples of clotted blood were discarded. 
Haemoglobin was estimated by the cyano-methemoglobin method 
using a diagnostic hemoglobin kit (Crescent Diagnostics, Jeddah, 
Saudi   Arabia).   Hematocrit  values  were  determined  by  using  a  




micro-hematocrit centrifuge. RBC and WBC count was determined 
by using Neubar haemocytometer after diluting the blood with 
Dace's solution and Turk's solution, respectively.  
The remaining blood was centrifuged at 6000 rpm for 10 min at 
4°C and the collected plasma was stored at -20°C till analyzed. 
Glucose, total protein, calcium (Ca) and magnesium were analyzed 
using their respective kits (BIOMERIEUX, France). Ca ion reacts 
with methylthymol blue (MTB) and form Ca-MTB complex. The 
colour intensity of this complex is proportional to the quantity of Ca 
ions in the sample. Similarly, the magnesium ion reacts with 
calmagite and form a complex. The quantity of magnesium ion is 
measured from the colour intensity of this complex which is 
proportional to the quantity of magnesium ions in the sample. A 
spectrometer was used to measure the enzyme activities. The 
activities of PGOT and PGPT in plasma were estimated using a 
Diagnostic Kit (BIOMERIEUX, France) and the results were 
expressed as IU/l. Liver and muscle glycogen was extracted by the 
method of Ashman and Seed (1973) and measured by the method 
of Montgomery (1957).   
For statistical analysis, the one-way analysis of variance 
(ANOVA) was applied to test the significance of difference among 
the different values (Minitab, V-10.0). P values less than 0.05 were 
considered statistically significant. 
 
 
RESULTS AND DISCUSSION 
 
Mortality as a function of diazinon is given in Table 1. The 
LC50 values computed from the graph figure 1. made 
between probit of kill and log10 concentrations were 18.57 
mg/l for 24 h, 14.87 mg/l for 48 h, 12.29 mg/l for 72 h and 
finally 9.76 mg/l for 96 h. The value recorded in this study 
was higher than the value recorded (0.72x10
-4 
ppm) for 
the fry of this fish by Dembele et al. (2000). Office of 
Pesticide Programs (2000) reported 96 h LC50 values of 
diazinon for sheephead minnow (Cyrinodon virginica) as 
1.47 mg/l and for fathead minnow (Pimephales minnow) 
as 7.8 mg/l. Keizer et al. (1991) estimated 96 h LC50 
value of diazinon for guppy (Poecilia reticulate) as 0.8 
mg/l and for zebrafish (Brachydanio rerio) as 8.0 mg/l. 
The LC50 value for fingerling European catfish was 
estimated as 4.14 mg/l by Koprucu et al. (2006). This 
difference in the values may be attributed to the factors 
like hardness of water, pH and susceptibility of the test 
animals. The difference in the toxic potential of diazinon 
to different species can be related to the differences in 
susceptibility and tolerance related to its accumulation, 
biotransfor-mation and excretion. Differences in 
metabolic pathways among species may result in varied 
patterns of bio-transformation, leading to more or less 
toxic metabolites (Johnson and Toledo, 1993). The 
magnitude of toxic effects of pesticides also depends on 
length and weight, corporal surface/body weight ratio and 
breathing rate (Singh and Narain, 1982; Murty, 1986). Oh 
et al. (1991) reported three factors causing the selective 
toxicity of diazinon for various fish species: varied 
inhibition of acetylcholinesterase, detoxification and 
absorption. In general the toxicity varied with respect to 
species, size of fish and duration of exposure (Oh et al. 
1991; Dutta et al., 1995).  
Blood parameters, generally, of fish are suitable tool for




Table 1.  Number  and percentage (in parentheses) of dead fish in different concentrations 





24 48 72 96 
5.0 - - - 4 (13.33) 
7.0 - - 5 (16.67) 10 (33.33) 
9.0 - 5 (16.67) 9 (30.0) 16 (53.33) 
11.0 2 (6.67) 9 (30.0) 16 (53.33) 20 (66.67) 
13.0 5 (16.67) 14 (46.67) 19 (63.33) 26 (86.67) 
15.0 9 (30.0) 17 (56.67) 25 (83.33) 30 (100) 
17.0 16 (53.33) 24 (80.0) 30 (100) ND 
19.0 24 (80.0) 3 (100)0 ND ND 




evaluating the effects of chemicals (Roche and Boge, 
1996). Some investigators have also identified changes 
in several haematological parameters as indicators of 
metal exposure (Cyriac et al., 1989). However, these 
findings indicate that in C. carpio, sub-lethal chronic 
exposure to diazinon altered the blood parameters.   
The fish exposed to different concentrations of diazinon 
indicated an increase in the RBC count, haemoglobin 
concentrations and haematocrit values compared to the 
control fish (Table 2). It is documented that under stress 
condition, fish become hyper active perhaps to get out of 
the stressful medium and would require an increased 
amount of oxygen to meet their energy requirement.  
Secondly, the fish secreted an increased amount of 
mucus to coat the body especially gills to get relief from 
the irritating effects of toxicant. This in turn reduces the 
gaseous exchange through the gill. Thus, an increased 
utilization of oxygen and reduced supply of it may cause 
a hypoxic condition in fish (Pandey et al., 1979 and 
Alkahem et al., 1998). In such hypoxic condition, there is 
a stress-mediated synthesis of more haemoglobin and 
release of new erythrocytes from the erythropoietic 
organs to improve the oxygen carrying capacity of blood 
(Schindler and DeVries, 1986; Murad and Mustafa, 1989; 
Alkahem, 1993; Al-Ghanim et al., 2008; Al-Akel et al., 
2010). Majewski and Giles (1981) have attributed the 
increased hemoglobin in cadmium exposed fish to the 
toxicant induced hyperactivity and impaired gill function. 
Contrary to the result in this study, a decrease in the 
number of RBC, hemoglobin and hematocrit values of 
diazinon exposed fish was reported by Bananee et al. 
(2008, 2011) and related it to destruction of cells and/or 
decrease in size of cells due to the adverse effects of 
pesticide. 
The total leukocyte count was decreased, which might 
be due to malfunctioning of the haematopoietic system 
caused by exposure to diazinon.  Changes in the 
leukocyte system manifest in the form of leukocytosis 
with heterophilia and lymphopenia, which are charac-
teristics of leukocytic response in animals exhibiting 
stress.  Al-Kahem (1995) reported reduction in the WBC 
count of fish exposed to chromium and noted it to be a 
consequence of significant decline in the number of 
lymphocytes and thrombocytes. Reduction in the number 
of lymphocytes in trichlorfon exposed O. niloticus was 
attributed to fall in the delivery of these cells to the 
circulation because of reduced production or alternatively 
an increased rate of removal from circulation and sub-
sequent rapid destruction of cells (Al-Kahem et al., 1998). 
Svoboda et al. (2001) and Jaffar Ali and Rani (2009) 
reported decreased leukocyte count in carp exposed to 
diazinon- based pesticide and tilapia exposed to 
phosalone, respectively. 
Blood cell indices like mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH) and mean 
corpuscular hemoglobin concentration (MCHC) seem to 
be changes that are more sensitive and can cause 
reversible changes in the homeostatic system of fish. 
Fluctuations in these indices correspond with values of 
RBC count, hemoglobin concentration and packed cell 
volume. In the study a significant increase in these 
indices was noticed in C. carpio after exposure to 
diazinon. A similar response was noted in common carp 
and other freshwater fish exposed to acute toxic level of 
pesticides (Svoboda et al., 2001; Rao, 2010). Reduction 
in the concentration of Ca and magnesium ions were 
registered in the fish exposed to high dose of diazinon 
and in the last period of exposure. The pesticide may 
change the functions of vital organs like liver and kidneys, 
disrupting the homeostatic condition of the body. Similar 
observations were reported by Al-Akel et al. (2010) in the 
same species of fish after the exposure of dietary copper. 
Depletion of glycogen content in the liver and muscles 
of diazinon exposed fish is presented in Table 2. 
Pronounced effects were registered in the fish at higher 
concentration and in the last period of exposure. Previous 
studies have shown that due to physical disturbance of 
fish (Nakano and Tomlinson, 1967), and stress of various 
toxicants and hypoxia (Al-Akel, 1994; Alkahem, 1996; Al- 
Ghanim   et  al.,  2008),  the  glycogen  level  in  liver  and 
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muscle are rapidly depleted. Glycolysis in the fish 
exposed to different toxicants may be expected to meet 
the energy requirements of the animal for the increased 
level of physical activities and increased physiological 
processes for metabolizing and eliminating the toxicant. 
The increased secretion of adrenocorticosteroids and 
catecholamines in stressful condition may also be one of 
the causes for reduction in the carbohydrate levels 
(glycogen).  The significant elevation of glucose level in 
the blood of exposed fish may be due to the break down 
of glycogen into glucose. It is a well-established fact that 
stress stimuli elicit rapid secretion of glucocorticoids and 
catecholamines from adrenal tissue of the fish. Both 
hormones are known to produce hyperglycemia in 
animals. The hyperglycemic condition in this study may 
be related to increased secretion of these hormones 
which causes glycolysis in the liver and muscles of 
diazinon exposed fish.   
PGOT and PGPT are important diagnostic tools in 
medicine and are used to detect the toxic effects of 
various pollutants (Nelson and Cox, 2000). Our results 
show that diazinon exposure significantly (P<0.05) 
increase the activity of both these enzymes of C. carpio 
after  two weeks at higher dose (1.0, 2.0 mg/l) and after 
four weeks in all exposed groups. Metal exposure at 
various concentrations increases the activity of these 
enzymes as shown by McKim et al. (1970), Suttles and 
Mills (1966). Jeney et al. (1991) reported an increased 
level of these two enzymes [serum glutamic-oxaloacetic 
transaminase (SGOT), serum glutamate pyruvate 
transaminase (SGPT)] in the serum of fish exposed to 
toxicant (ammonia). They mentioned that SGPT is very 
sensitive to any change in the environment. Similarly, a 
significantly higher value of SGOT activities were 
recorded by Lemair et al. (1992) in fish fed a diet without 
docosahexaenoic acid, whereas SGPT did not show any 
change. They found that hepatic parenchyma develop 
into generalized massive steatosis, exhibiting necrosis 
centers with docosahexaenoic acid free diet. Sastry and 
Sharma (1980) and Agrahari et al. (2007) observed an 
increase in SGOT and SGPT in the blood of C. punctatus 
following treatment with mercuric chloride and 
monocrotophos, respectively.  Vaglio and Landriscina 
(1999), Gupta and Paul (1978) and Palanivelu et al. 
(2005) suggested that liver is rich in SGOT and SGPT, 
and damage to it could result in liberation of large 
quantities of these enzymes into the blood. An increase 
in these enzymes after exposure to pollutants is a 
sensitive indicator of cellular damage (Van-Dar et al., 
2003; Palanivelu et al., 2005). Therefore, higher activities 
of these enzymes registered in this investigation may be 





From the results obtained, it can be concluded that the 
diazinon is moderately toxic to C. carpio.  The 96 h LC50 
value recorded in this study falls well within the range 
reported in previous investigations for other species of 
fish. Exposure to chronic sub-lethal concentrations of 
diazinon resulted in significant haematological and 
biochemical alterations. These changes suggest that the 
treated fish are faced with a serious metabolic crisis. The 
elevated values of RBC count, hemoglobin concentration 
and hematocrit values in the exposed fish are indicative 
of stress mediated production of RBC and haemoglobin 
by the fish. The results clearly indicate that the usage of 
the pesticides in the fields may be a threat to both aquatic 





This project was supported by King Saud  University, 
Deanship  of  Scientific  Research,  College  of   Science,  



























Log10 concentration of diazinon (mg/l)  
 









LC50, Lethal concentration; RBC, red blood cell; WBC, 
white blood cell; PGOT, plasma glutamic-oxaloacetic 
transaminase; PGPT, plasma glutamate pyruvate 
transminase; MTB, methylthymol blue; MCV, mean 
corpuscular volume; MCH, mean corpuscular 
hemoglobin; MCHC, mean corpuscular hemoglobin 
concentration; SGOT, serum glutamic-oxaloacetic 






Abass Askar K, Kudi AC, Moodi AJ (2011).  Spontaneous reactivation 
and aging kinetics of acetylcholinesterase inhibited by dichlorvos and 
diazinon. J. Toxicol. Sci. 36: 237-241. 
Agrahari S, Pandey KC, Gopal K (2007).  Biochemical alteration 
induced by monocrophos in the blood plasma of fish, Channa 
punctatus (Bloch). Pest. Biochem. Physiol.  88: 268-272. 
Al-Akel AS (1994). Effect of asphyxiation on the cichlid fish, 
Oreochromis niloticus: Biochemical and haematological responses. 
Pak. J. Zool. 26: 231-235. 
Al-Akel AS, Alkahem-Al-Balawi HF, Al-Misned F, Mahboob S, Ahmad Z, 
Suliman EM (2010). Effects of dietary copper exposure on 
accumulation, growth, and hematological parameters in Cyprinus 
carpio. Toxicol. Environ. Chem. 92: 1865-1878. 
Al-Ghanim KA, Alkahem-Al-Balawi HF, Al-Akel AS, Al-Misned F, Ahmad 
Z, Annazri H (2008). Ethological response and haematological and 
biochemical profile of carp (Cyrinus carpio) exposed to trichlorfon. J. 
Food Agric. Environ. 6: 473-479.  
Ali JHA, Rani VJ (2009). Effect of phosalone on haematological indices 
in the tilapia, Oreochromis mossambicus. Turk. J. Vet. Anim. Sci. 33: 
407-411. 
Alkahem HF (1993).  Ethological responses and changes in 
haemoglobin and  glycogen  content  of  the  common  carp, Cyprinus 
carpio, exposed to cadmium. Asian Fish. Sci. 6: 81-90. 
Al-Kahem HF (1995). Behavioral responses and changes in some 
haematological parameters of the cichlid fish, Oreochromis niloticus, 
exposed to trivalent chromium. J. King Abdul Aziz Univ. Sci. 7: 5-13.   
Alkahem HF (1996). Effects of lethal and sublethal concentrations of 
lindane on the behavior and energy reserves of the freshwater fish, 
Oreochromis niloticus. J. King Saud Univ. 8: 53-164. 
Alkahem HF, Ahmad Z, Al-Akel AS, Shamsi MJK (1998). Toxicity 
bioassay and changes in haematological parameters of Oreochromis 
niloticus induced by trichlorfon. Arab Gulf J. Sci. Res. 16: 581-593.  
Al-Wabel MI, El-Saeid MH, Al-Turki AM, Abdel-Naser G (2011). 
Monitoring of pesticide residues in Saudi Arabian agricultural soils. 
Res. J. Environ. Sci. 5: 269-278.  
Ashman PU, Seed JR (1973).  Biochemical studies in the vole, 
Macrotous montamus  I. The daily variation of hepatic glucose-6-
phosphatase and liver glycogen.  Comp. Biochem. Physiol. 45: 365-
378. 
Aydin R, Koprucu K (2005).  Acute toxicity of diazinon on the common 
carp (Cyprinus carpio) embryos and larvae.  Pest. Biochem. Physiol. 
82: 220-225. 
Bananee M, Mirvaghefi AR, Rafei GR, Majazi Amiri B (2008). Effects of  
sub-lethal diazinon concentrations on blood  plasma  biochemistry  of  




common carp. Int. J. Environ. Res. 2: 189-198. 
Bananee M, Sureda A, Mirvaghefi AR, ahmadi k (2011).  Effects of 
diazinon on biochemical parameters of blood in rainbow trout 
(Onchorhynchus mykiss). Pest. Biochem. Physiol. 99: 1-6. 
Beijer K, Jornelo A (1979).  Sources, transport and transformation of 
metals in the environment In: Friberg L, Nordberg GR and Vouks VB 
(Eds.). Handbook on the toxicology of metals. Elsevier/North Holland 
Biomedical Press, New York, pp. 47-63. 
Bucher F, Hofer R (1990). Effect of domestic wastewater on serum 
enzyme activities of brown trout (Salmo truta). Comp. Biochem. 
Physiol. 97: 385-390. 
Cong NV, Phuong NT, Bayley M (2009).  Effects of repeated exposure 
of diazinon on cholinesterase activity and growth in snakehead fish 
(Channa striatus). Ecotoxicol. Environ. Saf., 72: 699-703.  
Cox C (2000).  Diazinon: Toxicology. J. Pesticide Reform, 20: 15-21. 
Cyriac PJ, Antony A, Nambison PNK (1989). Hemoglobin and 
hematocrit values in the fish Oreochromis mossambicus (Peters) 
after short term exposure to copper and mercury.  Bull. Environ. 
Contamin. Toxicol. 43: 315-320. 
Dembele K, Haubruge E, Gaspar C (2000).  Concentration effects of 
selected insecticides on brain acetylcholinesterase in the common 
corp (Cyprinus carpio L.). Ecotoxicol. Environ. Saf., 45: 49-54.  
Dethloff GM, Bailey HC, Maier KJ (2001).  Effect of dissolved copper on 
selected haematological, biochemical and immunological parameters 
of wild rainbow trout (Oncorhynchus mykiss). Arch. Environ. 
Contamin. Toxicol. 40: 371-380. 
Dutta HM, Munshi JSD, Dutta GR, Singh NK,  Adhikari S, Richmonds 
CR (1995). Age related differences in the inhibition of brain 
acetylcholinesterase activity of Heteropneustes fossilis (Bloch) by 
malathion. Comp. Biochem. Physiol. 111: 331-334. 
Dutta HM, Meijer HJM (2003).  Sublethal effects of diazinon on the 
structure of the testis of bluegill, Lepomis macrochirus: a microscopic 
analysis.  Environ. Pollut. 125: 355-360. 
El-Saeid MH (2010). Monitoring of pesticide residues in Riyadh cultured 
farm fish. World Appl. Sci. J. 9: 1075-1080. 
Finney DJ (1971). Probit analysis. S. Chand and Company Ltd. Ram 
Nagar, Delhi. 
Fulton MH, Key PB (2001).  Acetylcholinesterase inhibition in estuarine 
fish and invertebrates as an indicator of organophosphorus 
insecticide exposure and effects. Environ. Toxicol. Chem. 20: 37- 45.  
Gallagher EP, Digiulio RT (1992).  A comparison of glutathione-
dependent enzymes in liver, gills and posterior kidney of channel 
catfish (Ictalurus punctatus).  Comp. Biochem. Physiol. 102: 543-547. 
Giron-Pirez MI, Santerre A, Gonzalez-Jaime F, Casas-Solis J, 
Hernandez-Coronado M, Peregrina-Sandoval J, Takemura A, 
Zaitseva G (2007).  Immunotoxicity and hepatic function evaluation in 
Nile Tilapia (Oreochromis niloticus) exposed to diazinon. Fish 
Shellfish Immunol. 23: 760-769.  
Gupta RG, Paul BS (1978).  Influence of malathion (o,o dimethydithio-
phosphate of diethyl  mercapto succinate) on body enzymes in 
dermal sub-acute toxicity studies in Bubalus bubalis species. Bull. 
Environ. Contamin. Toxicol. 20: 811-818. 
Hamilton SJ Mehrle PM (1986).  Metallothionein in fish: review of its 
importance in assessing stress from metal contaminants. Trans. Am. 
Fish. Soc. 115: 596-609.  
Jeney G, Nemcsok J, Jeney ZS, Olah J (1991).  Acute effect of 
sublethal ammonia concentrations on common carp (Cyprinus carpio 
L.). II. Effect of ammonia on blood plasma transminases (GOT, GPT), 
GDH enzyme activity and ATP value. Aquaculture,  104: 149-156. 
Johnson CM, Toledo MCF (1993).  Acute toxicity of endosulfan to the 
fish Hyphessobrycon bifasciatus and Brachydanio rerio. Archiv. 
Environ. Contamin. Toxicol. 24: 151-155. 
Keizer J, D'Agostino G, Vittozi L (1991). The importance of 
biotransformation in the toxicity of xenobiotics to fish. 1. Toxicity and 
bioaccumulation of diazinon in guppy (Poecillia reticulata) and zebra 
fish (Brachydanio rerio). Aquat. Toxicol. 21: 239-254. 
Koprucu SS, Koprucu K, Ural MS, Ispir U, Pala M (2006). Acute toxicity 
of organophosphorous pesticide diazinon and its effects on behaviour 
and some hematological parameters of fingerling European catfish 
(Silurus glanis L). Pesticide Biochem. Physiol. 86: 99-105. 
Lackner R (1998).  Oxidative stress in fish by environmental pollutants.  





Lecoeur S, Videmann B, Mazallan M (2006).  Effect of 
organophosphate pesticide diazinon on expression and activity of 
intestinal P- glycoprotein.  Toxicol. Lett., 161: 200-209.  
Lemaire P,   Drai P,   Mathieu A,   Carriere S,   Giudicell J,   Lafaurie M  
 (1991). Changes with different diets in plasma enzymes (GOT, GPT, 
LDH, ALP) and plasma lipids (Cholesterol, triglycerides) of sea- bass 
(Dicentrarchus labrax). Aquaculture, 93: 63-75. 
Majewski HS, Gilles MA (1981). Cardiovascular-respiratory responses 
of rainbow trout (Salmo gairdneri) during chronic exposure to 
sublethal concentrations of cadmium. Water Res. 15: 1211-1217. 
McKim JM, Christensen GM, Hunt EP (1970).  Changes in the blood of 
brook trout (Salvelinus fontinalis) after short term exposure to copper. 
Can. J. Fish. Aquat. Sci. 27: 1883-1889. 
Miller GG, Sweet LI, Adams JV, Omann GM, Passino-Reader DR, 
Meier PG (2002).  Invitro toxicity and interactions of environmental 
contaminants (Arochlor 1254 and mercury) and immunomodulatory 
agents (lipopolysaccharide and cortisol) on thymocytes from lake 
trout (Salvelinus namaycush). Fish Shellfish Immunol.  13: 11-26. 
Mohamed KA, Basfar AA, Al-Shahrani AA (2009). Gamma-ray induced 
degradation of diazinon and atrazine in natural groundwaters. J. 
Hazard. Mater. 166: 810-814. 
Montgomery RC (1957). Determination of glycogen. Arch. Biochem. 
Biophy. 67: 378-387. 
Murad A, Mustafa S (1989). Ethological and haematological response of 
catfish, Heteropneustes fossilis, exposed to exogenous urea. 
Japanese J. Ichthyol. 36: 75-81. 
Murty AS (1986). Toxicity of pesticides to fish. CRC Press Inc Boca 
Raton, FL p. 143. 
Nakano T, Tomlinson N (1967). Catecholamine and carbohydrate 
concentrations in rainbow trout (Salmo gairdneri) in relation to 
physical disturbance. J. Fish. Res.  Bd. Can.  24: 1701-1715. 
Nelson DL, Cox MM (2000).  Lehninger Principles of Biochemistry, New 
York, Worth Publishers, pp. 623-658. 
Office of Pesticide Programs  (2000).  Pesticide Ecotoxicity Database 
(Formerly: Environmental Effects Database) Environmental Fate and 
Effects Division, US EPA, Washington D. C.  
Oh HS, Lee SK, Kim YH, Roh JK (1991).  Mechanism of selective 
toxicity of diazinon to killifish (Oryzias latipes) and loach (Misgurnus 
anguillicaudatus). Aquat. Toxicol. Risk Assess. 14: 343-353. 
Oruce EO, Usta D (2007).  Evaluation of oxidative stress responses and 
neurotoxicity potential of diazinon in different tissues of Cyprinus 
carpio. Environ. Toxicol. Pharmacol. 23: 48-55. 
Palanivelu P, Vijayavel K, Ezhilarasibalasubramanian S, 
Balasubramanian MP (2005).  Influence of insecticidal derivatives 
(Cartap Hydrochloride) from the marine polychaete on certain 
enzymes of the freshwater fish Oreochromis mossambicus. J. 
Environ. Biol. 26: 191-196. 
Panday NB, Chanchal AK, Singh SB, Prasad S, Singh MP (1979).  
Effect of some biocides on the blood and oxygen consumptiom of 
Channa punctatus (Bloch).  Proc. Symp. Environ. Biol. pp. 343-348. 
Rao DS (2010). Carbaryl induced changes in the haematological, serum 
biochemical and immunological responses of common carp, Cyprinus 
carpio, (L.) with special emphasis on herbal extracts as 
immunomodulators. Ph. D. Thesis, Andhra University, India. p. 235.  
Roche H, Boge G (1996). Fish blood parameters as a potential tool for 
identification of stress caused by environmental factors and chemical 
intoxication. Marine Environ. Res. 41: 27-43. 
Sastry KV, Sharma K (1980).  Diazinon effect on the activities of brain 
Enzyme from Ophiocephalus punctatus (Channa). Bull. Environ. 
Contamin. Toxicol. 24: 326-332. 
Schindler JF, DeVries U (1986). Scanning cytophotometry of carp, 
Cyprinus carpio, L., erythrocyte populations: The influence of short-
term hypoxic environment and the recovery period following severe 
bleeding. J. Fish Biol. 28: 741-752. 
Singh BB, Narain AS (1982). Acute toxicity of Thiodan to catfish 
(Heteropneustes fossilis). Bull. Environ. Contamin. Tocxicol.  28: 122-
127. 
Suttle NF, Mills CF (1966). Studies of the toxicity of copper to pigs 1. 
Effect of oral zinc and iron salts on the development of copper 
toxicosis. Br. J. Nutr. 20: 135-148. 
Svoboda M, Luskova V, Drastichova J, Zlabek V (2001). The effect of 





L.). Acta. Vet. Brno. 70: 457-465. 
Uner N, Oeuce EO, Sevgler Y, Sahin N, Durmaz H, Usta D (2006).  
Effects of diazinon on acetylcholinesterase activity and lipid 
peroxidation in the brain of Oreochromis niloticus. Environ. Toxicol. 
Pharmacol.  21: 241-245.  
Vaglio A, Landriscina C (1999). Changes in liver enzyme activity in the 
teleost, Sparus auratus, in response to cadmium intoxication. Ecotox. 
Environ. Saf., 43: 111-116. 
Van-der RO, Jonny B, Vermeulen NPE (2003).  Fish bioaccumulation 
and biomarkers in environmental risk assessment, a review.  Environ. 



















Wedemeyer GA, Yasutake WT (1977).  Clinical methods for the 
assessment of the effects of environmental stress on the fish health. 
United States technical papers and United States fish Wildlife 
services, 89: 1-18. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
